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OBJECT

The objeot of this study was to invostigate the temporary and

cumulative effects of exposure to dbright sunlight on night visioa.

.SUMMARY

1. Bxposures to ordinary sunlight produce temporary and
cunulative effects on night vision. A single exposure of two or three
hours delays the onset of rod dark adaptation by ten minutes or more,
and slows the process itself so that the normal night vision threshold
is not reached for several hours.

2. After repeated daily exposures to sunlight, the delay in
reaching the normal threshold persists overnight. The threshold, after
complete dark adaptation, rises higher each day for about ten days.

It fh;i remains at the higher lovel. |

S. This elevated threshold corresponds to an aveng.o deter-
ioration of adout fifty per cent in visual acuity, range of visibdblity,
contrast discrimination, and in the frequency of picking up a target
when it is barely visible. The effect shows considerable individual
variation, but the average loss in night vision is nearly the same as
is suffered by flying at 12,000 feet at night without oxygen.

4. This chronlo effect does not disappear even after Son days
of protection from sunlight.

§. Sunglasses should be used by all persons who, while
working in bright sunlight during the day, will be expsoted to perform

critical night duties soon afterward. Adequate sunplasses are those

-1 -
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which transmit at most ten per cent of the visible light; however, for
goneral service conditi.ns this may have to be rajsed to 10 to 15X trens~

mission.

I, BACEGROURD

Reports from North Africa and the South Pacific have suggested
that night vision deteriorates after exposure to the strong lunlight on
beaches, water, and par*ioularly on coral islands. These reports have
been confirmed by the study of fifty cases of night blinduess in the
Turkish Army, apparently due to bright light (Derman, 19433 of. also

" McCartney, 1943).

To teat such effects several English investigators worked one
day on the roof of the National P ysical laboratory at Teddington,
England, and compared the speed of ;:heir dark adaptation after exposure
to a standard illumination with a similar test after staying indoors on
s dull day. They found no significant difference (A.R.L., Teddington,
1943). FHowever, these negative findings are not surprising because
(2) Teddington can hardly be considered a very sunny location, and (v)
roof t-ps generally are not regions of high reflectance.

In view of this, and of the persistence of reports from the
South Pacific, we decided to reinvestipgate the whole queation.

The problem is three-fold. First, is the onset of dark adapta-
tion delayed after exposure to bright sunlight? Second, is the process
slowed up so that the threshold is still above normal evea after an

hour or two in durkness? Third, is the effect of daily exposure cumu-

lative?
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The first aspect of this problem mey be answered in terms of
previous information. The spoo.d of dark adaptatioh is strongly in-
fluenced by the brightness of the preceding light adq;tttion (Winsor
eand Clark, 1936; Hecht, Haig, and Chase, 1937: Emig, 1941). Thus
after 1ight adaptation to « hundred millilamberts, the rod portion of
dark sdaptation appears almost at once, whereas after light adaptation
to 40,000 millilamberts, rod adaptation does not become evident for 12
minutes, However, this aspect of th: phenomenon is probably gak' impor-
tant in military work since it is rare that any ons needs to become
dark adapted imrediately after exposure to high light intensities.

Previous work also shows that after light adaptation to high
intensities the final threshold may be delayed out of all proportion to’
the ¢_hhy of the onset of i'od adaptation. For instance, 40 minutes after
oxpoau;-e to approximately 40,000 miiiilambex;ts the eye is still about
0.3 log unit above its normal final threshold (Hecht, Haig, and Chase,
1937, Pig. 2). However, these data are fragmentary, and additional
measurements are neaded. No data on the c‘um}xlative effect of sunlight
are known. Vs therefore decided to find out how long the final thres-
hold remains above normal after exposure to sunlight, and whether such

effects accumulate when people are exposed to sunlight day after day.

11, APPARATUS AND METFRODS

The arrangements for the experiment were simple. Two commun=-
icating rooms were made completely light-proof and supplied with ade-
quate §ent11ation by means of a blower and ducts. One served as a ready

room, the other as a testing room. Fatrance to the ready room from the
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outer hallway 1s by means of & maze light-trap. The room was illumin-
sted with very dim red 1light, and had 14 comfortable chairs for the sub-

jJeots to sit in while bocoming dark adapted. The extranes from this

roeady room to the testing room was througﬁ a maze. The testing room
had a few benches to receive the subjects awaiting their turn at the
instruments.

Pt ) The masuremont.s were undg with two Fecht-Shlaer Adaptomsters,

Yodel 3, such as are in regular use by the Royal Canadian Navy. Both

proses

were arranged to measure the binocular threshold of a retinal area
70 above the fovea and 3° in diameter flashed for 1/5 second. One

instrument used only blue light of dominant A 480 mujy the other used

white 1ight. Since the intensities are given as micro-microlambsrts

B g

in terms of photopic brightness, the threshold values on the two instru-

ments will not be the same because of the Purkinje phemomenon. e

made many comparisons of the thresholds of the same people on both

instruments, and found the average threshold to be 1.20 log units

-

higher on the white instrument, with little variation from this averape.
All measurements in this report will be referred to the blue instrument

regardless of which 1natrumentlms used in the experiment, With only a "

very few exceptions, a subject was always measured with the same instru-

ment.

In determining A threshold the operator controls the brisht-

ness of the stimulus by means of a neutral wedge, while the subjeot oper- .
% ates the shufstor._ The wedge is first set to pive a briphtness about 1

log unit above threshold. This is seen by the subject, and the brightness
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is then reduced in steps of 0.5 to 0.2 log unit, until he Tnii; to see
even a faint flash of light. With the threshold roughly determined in this
way, the ope.ator varies the brightnass in a random way adove and below
the threshold, always by aven tenths of a log unit. The poigé at which
about 3 out of & oiposuroa are detected as flashes of light is chosen as
the thrashnll.
The following sample case will illustrate the procedure.

At 2.4 log uul the subject saw 2 out of 2 flashes; at 2.3, 3 out of S; at
2.2, 2 out of 4; at 2.1, 1 out of 4; and at 2.0, 0 out of 2. The
threshold, as defined, obviously liss between 2.2 and 2,3; in this oase
it is nearer 2.2, which is therefore chosen. ‘

" After a minute's rest, the procedure is repeated and the
threshold redetermined. Usually the two sgreed to 0.1 log unit,
Occu;lénnlly. the difference betwean the t.o measurements was groater

than 0.1 log unit; more determinations were made after a longer rest,

until a satisfactory threshold was obtaired.

111, THE COURSE OF DARK ADAFTATION FOLLONING BRIGHT QUTTOOR LIGHT

Preliminary to the work at Camp lejeune, experiments were
conducted in Wew York on the effsct on Jark adaptation of exposure to
brirht sky. The subjects were adapted bty looking at the sky for periods
of from 4 minutes to an hour. Frevious to this, in somo cases, the
subjects were sent outdoors for 2 hours, with instructions to look at )
the sky as much as possible. The brightness varied from 3,000 to 12,000
milllllmberts, the limitin: factor bains ths sudject's ability to look
at the light without undue pain. One eye only was usually adapted im
the final stage,'sinee this reduced the discomf rt, and made it possibdle

-
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to look at drighter light. ’'‘onocular observation was possible beocause

kit ]

the Hecht-8hlaer Model 1 Adaptometer was used., Seven subjects were
neasured, giving a total of 12 dark adaptation curves, extending from
one minute to at least 2 hours in the dark. Both rod and cone thres-
holds were obtaimed, )

At Camp Lejeune, a further siudy of comparetively short ex-

posures to bright light was ;udo. sing 5 subjects ir a total of 15
experiments. The brightness of the sky to which the subjects were
adapted varied from 3,500 to 16,000 millilamberts, azd the &ime from
f 2 to 35 minutes. For comparison, dark acdaptation curves were obtkined
after exposure to 5 and to 50 millilamberts for short periods of time.
In each case, the threshold after 1 hour dark adaptation was obtained
' defore the start of the light adaptation experimant. If the sudjects
£ had to be outdoors before this initial measurement, they wore red
. goggles to prevent unoontrolled exposure to high-brichtuea§.

In Fig. 1 are shown the significant parts of four representa-

tive dark adaptation curves with one suhlect; tecause of the long time

] intervals the abscissas are on a logarithmic scale, and the early por-
| tions of the data have been . itted. Since ths measuroments were made

§ : . on different days, the curves are adj ited so that tre initial thres-

A hold before light adaptation is the same for all, To%e that after 60
minutes light ldlptltion‘to 50 millilamdberts, recovery is complete after
40 minutes in the dark, whereas even a two minute exposure to 7,000

millilamdberts prolonged the recovery time by at least 10 minutes. After

R R T
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light adaptation for 15 minutes to 6,000 millilamberts, it took over two
hours for the yes to recover completely. And after a 30 minute adapta-
tion to 3,500 millilamberts it was over 5 hours before the threshold
roturned to normal. . .
Table I summarizes the main features of the Camp Lejeune and
the New York experiments. Since different sudbjects were used in the .
various tests, and there is considerable individual variation, the re-
sults for different times and brightness are not directly comparabdle.
However, it is clear enough that after exposure to bright skylignt dark
adaptation is consideradbly delayed. Far {rom being over in 30 minutes,
dark adaptation may not be complete for two hours. An average of all

the measurements in Table I shows that after 30 minutes, the threshold

.48 0.48 log unit .hove normal; after an hour it still has 0.20 log unit

to goi and even after two hours the threshold is still 0.1 log unit above
normal. These values in log units correspond to the threshold being

200, 60, and 26 per cent above normal,

IV, PRELIMINARY EXPERIMENTS ON PROLONGED EXFOSURE TO SUNLIGER

These rosults are supported by measurements made at Camp Le-
jeune early in September pioliminsry to the main experiments to be de-
soribed in the next section of this report. Each sutject had his thres-
hold measursd, usually in the morning, after one hour cark udgptation.
The group is then transported to New River Inlet on the Atlantic Qcean,

and spent several hours on the beach in the sunlirhte No special routine

-7-
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was provided, except that the subjects were requested not to shut their
oyes or avoid the glare. After two to five hours the group returned to
the laboratory and immediately entered the ready room. Each subject
was then tested after various lengths of time in the dark. 'The subjects
then left the building, but wore red goggles. They returned later, and
wore again measured after an hour's dark adaptation. With four groups
we were also able ner: morning to measure the final threshold after one
hour of dark adaptation. ,

Table IJ gives the results. It contains the number of sub~-
joects in each group, the time of exposure, and the average brightness
of aky; water, and sand. The results are stated as the average rise in
threshold compared to the threshold before exposure following a dark room
stay of ‘an hour. It is clear that exposure to sﬁﬁlight delays the course
of dark adaptation. After an hour the threshold is still between 0.12
and 0.27 log unit above normal, and there seems to be‘some residval

effect even after several hours, and perhaps even overnight.

. Vo FINAL EXPERIMSNTS AT CAMP LEJEUNE

After these measurements, we set up a series of systematic
experiments to determine whether daily exposure to sunlight produced
any cumulative effects on night vision. The experiments involved two
groups o} men; one was protected from sunlight and served as coatrols,

while the other was exposed dajly to sunlight for comparison. At reg-

ular intervals the thresholds of the men were determined after an hour




of dark adptation. It was soon apparent that there waus indeed a cumu-

lative effeot of the daily exposures.

1. Procedure

Wo worked with 51 volunteers from a group of petty officers
in the Coast Cuard detachment at Camp Lejeune. A larrer numder of men
" had their thresholds measured on two successive days; we then elimin-
ated thoss with poor night vision, and those who were poor os;orvora.
The remaining 51 were d;vidod into two sections.

One group of 20 men was kopt at indoor tasks to prevent ex-
posure to bright light. They were issued red dark adaptation gogrles,
which they wore whenever they went outdoors durinp the day. Saturday
afternoons and Sundays they were free to po outdoors more often, dut
were lkstruotod to wear pogglea as much as possidble. This group served
as & control.

The other group of 31 men was sent outdoora every day except
Sunday to the beach near New River Inlet, on the Atlantiec Ocean. Om
sunny days near noon, the il!uminngion was about 10,000 £ ‘S-candles;
but because the sand wes rather dark == having a reflectance of 0.3 at
best == the brightneas of the Leach was less than 3,000 millilamboarts.
Viewed from the beach the water was usually darxer thaen the sand. The
sky varied from about 500 to 15,000 millilamberts depording on the
woather and on the position of the sun. At the beach the men played,

swam, or walked, They did not olnse their eyes, or rrotoat them from

ariiah e i aid s
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the light in any way. During the first two weeks the men were exposed
to the sun for about 4 hours, of which 2 hours were spent in an open
boat going to and from the beach. The boat left at 9:30, returning at
11¢30 for dinner. The men then went out again about 1:16, returning at
3¢30. later arrangements were made for the noon meal at the beach,
and the subjocts thus had about & hours exposure, of which only 1 was
spent in transit.

It was not possible to measure all the men every day. The
two ((roupa were therefore divided into three sections each, and the
muuromnﬁ were rotated for the sections. Calling the sunlight
seoctions X1, X2, and X3, and the irdoor sections Cl, C2, and C3 we ar-
ranged the following sequence. Sections X1 and Cl wore measurod londay
mornin;.‘ Fonday afternoon, and Tuesds&' morning. Seckilons X2 and C2
were measured Tueaday morning and after.yon and wudnésd«y morning.
Sections X3 and C3 were measured Wedneaday morning and afternoon and
Thursday morning. It waa ‘thon again the time for X1 and Cl, and they
were measured Thursday morning and afternoon and Friday moraing. Pri-
day morning X2 and C2 were again measured and the routine continued,
Thus sach section was measured twice a week in the sequence morning-
afternoon-morning.

- The sudbjecta were dark adapted for one hour bvefore their

thresholds were measured. During the last 10 days *hreshclds were a'so

taken after 1/2 hour of adaptation. In the afterncon, after the measure-

ments of the sunlight subjects, they laft for supper, but wore their red
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goggles, and returned immediately for another kour of dark adaptation

and another measurement. The next morning, 1/2 hour and 1 hour thresholds

were also obtained. Thus the recovery from exposure could be moasured at
1/2 hour, 1 hour, S hours, and 17 hours.

These procedures began Ssptember and continued through Sep-
tember 30. h!‘ter the morning measurements on September 30, the indoor
and sunlight groups vm-o‘ exchanged. The mon who kad been going outdoors
every day, t..8 X group, now remained irdoors. The C group, on the otler
hand, took off their goggles and went outdoors on tre deach. This con-
tinued until) Octodber 10 when the experiment was termirated. The measure-

ments of the whole experiment are given in the Appendix.

2. Cumulative Effects

The :mploét way of finding out whether dajly exposure to .
sunlight produced any cumulative effect on night vision is to study the
morning one-hour threshold after a night's sleep and defore any exposure
to sunlight. From the detailed data in the Apperdix we give in Table III
these morning measurements.

There are several ways in which these neasurements may be
treated, from following each amall group to making weekly averages of
all groups. We have tried a number of ways, and find that the results
are much the same any way the data are examined: compared to the control
group, the sunlight groups thows a steady rise in threshold which reaches
a miium in about ten days, and then remains roughly constant. A simple

way of demonstrating this is as follows.
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1t is appareat from Table III that after the first two days,
we measured 2 sunlight groups and 2 control groups each day, except at
the bveginning and end of the week when only one group each was measured.
In the table we have combined the measurcments of the daily two groups;
these are in columns5 and 9 and they are shown graphically in PFig. 2,
The data for the sunlight group and for the control group are drawn sep-
arately. .

Initially the two groups were selected so as to lave almost
identical thresholds; actually they differed by only ¢ .02 log umit.
After this almost identical beginning, the morning thresholds of the two
groups follow divergent courses. The control group threshold decreases,
at first rapidly and then more slowly, while the sunlight group threshold
riaes.;;pidly and then settles to & level maintained approximately.

The decrease in the control group represents the improvement
which comes with practice in meaayements by untrained individuals.

It occurs regularly, and is of the same order of magnitude as found here.

‘This is .: »wn by the threshold data for 37 aviation cadets at Randolph

Field who were measured over & poriod of weeks; their “learning" curve
is inocluded in Fig. 2 for comparison. The control group continued to
show & slight improvement as long as it stayed indoors.

The sunlight éroup, on the other hand, began to show higher
thresholds a week after the start of t he experiment, even though ¢ of
these days had been overcast or rainy. At t'- end of 2 weeks, the aver-
age threshold of the sunlight group ceme down elightly and then levelled

off.
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When the groups were reversed on Sertember 30 the old control
group threshold (now the sunlight group) began to rise. After 3 days of
bright sunlight the rise was almost 0.1 log unit and further exposure
caused only a slight additional rise. The original s 1light group (now
the indoor group) showed practically no change for tke 10 dqyl.thoy were
indoors.,

In making & quantitative estimcte ér the changes caused by
sunlight, we must include the improv: vent in threshold shown by the control
group. There is no reason to iuppoae that “he sunlight group did not
improve in a similar way; indeed this is apparent from the bheshavior
of the first few points of this group, which show a decrease. Thus
the control data form a base line for Fho sunlight data; thia is ine
dicatoguﬁy the dotted line under the sunlight measuremsnts.

. Another way to show the cu- ilative effect of exrposwre to sun-
light is to compare the distribution of th;elholda before the experi-
ment with those after the two groups diverged. In Fig. 3 these compar-
isons are made, the sunlight group being drawn on the left, the indoor
group on the right. Since the number of subjects is small, 2 thresholds
(rom successive morning measwements are included for each sudbject. This
brings the total number of measurements to 60 for the sunlight, and 40
for the indoor groupe.

As before, the sunlight group shows a small but definite rise
in threshold after 9 days outdoors ovoﬁ though 4 of these days were over-

. oast. PThe indoor group shows a decreass of ahout the same magnitude.
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When the means of the “wo groups are compared, the sunlight group is
found to be lowe: than the control by 0.02 log unit at the start, but is
0.12 log unit 535225 after exposwe. This change of 0.14 log unit is
oqual to 4.3 times the steadard error of the difference between the two.
means after exposure. The probability that this difference is due simply
to chance isbtherorore about 0.00002, and the difference is e-r*tainly

significant by this test.

S. Daily Effects

The measurements in the Appe 'dix may also be used to define
more continuously than in Section III the changes in night vision which
ocour in the course of the day as the result of the exposure to sun-
light .on that day. For 9 days between September 26 and October § for
each group which was exposed to sunshine, we measured the threshold
after one hour dark adaptation in the morning before the exposure, in
the afternoon after raturniné.rrom >4 beach, in the evening after supper,
the next morning before exposure to sunlight. Similarly with each in-
door group we measured the one=hour threshold in the morning, ia the
afternoon, and next moraning.

The averages of these 9 series of determinations are shown on
Fige 4. 1t is apparent that the one-hour threshold'is raised by 0.14
log unit due to sunlight, and that this rise does not completely disap-
pear until some time in the night. Ry the next morning the ono-hour~
throchéld is practically the same as the day before.

L
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V1, MNEANINGS

From a1l of these experiments we may conclude two things. One
is that night vision is interfered with significantly but not drestically
for a period of several hc.rs after a single prolonged exposure to sun-
light. The other is that daily exposures to sunlight produce a cumulative
chronic effect on night vision which after ten days has about the same
magnitude as the maximal temporary effect of a single sxposure.

These disturbances, though not spectacular, are real and sigai-
ficant, Théy could easily be made more striking by considering what hlp-.
pens after half-hour dark adaptation. However, half-hour thresholds after
sunlight, while interesting physiologically, have no great meaning for
service conditions. The advanteage of measuring hour thresholds is that
dark adaptation is complete and if one finds an influence of sunlight
on them, one can be sure that results are meaningful.

Yo may now consider what changes these threshold ria;s produce
in night visual performance. The average morning threshold rose nearly
0.15 log unit above normal after ten days. Individuals varied in this
reapect; some showed only a slight rise, while 12 out of 30 men chowed

rises of 0,21 to 0.50 log unit. Calling the average rise of 0.15 log

unit the chronic effect, we must remember that on any ¢iven evening there

will be also & temporary effect due to the exposure to sunlight on that
day. In the early part of the night, say ¢ or § hours after exposure,

this additional effect is about 0.06 log unit, which when added to the

chronic 0.15 log unit rise gives a total rise of (.2 log urnit.

Gt




Such a rise of 0.2 log unit has a substantial influence on
night visual performance. Fig. 5 shows the relationship between illumin-
ation and the frequency with which a target is seen, when it is presented
repeatedly. This relatior holds not only at the absolute threshold but
at various levels above the threshold, as has been ably demonstrated by
Mrtline and others. The effect of raising the threshold Sy 0.2 log
unit is to shift the whole curve to the right to higher intensities
by a distance of 0.2 log unit. The result of such a shift may be clar-
ified by examples.

Suppose the brightness and other conditions are such that a
normal observer can pick up a ship or-an airplane nine times out of ten.
This brightness is shown by the -artical line at the richt on Fig. S.

It is at once apparent that an obser;er, o who~ expasire tc sunlipht
had produced an average ef’ect, will be able to pick up the sams target
under the same conditions only four ur five times out of tean. This re-
presents a loss of 50 per cent in visual effectivensss,

Another way of showing the injury producei by sunlight is in
Fig. 6, which reproduces Kovunig's ata for the relgtisn between visual
acuity and drightness for night vision only. The sane rslationship holds
for brightness discrimination and also for the range at which an object
becomes visible., The dotted line to the right of Yoenig's curve repre-
sents the same curve displaced 0.2 log unit to the rigcht. A% the lower
levels ropresenting derk nights and starlit:nights, the shift results in

e loss in visuval acuity between 0.12 and 0.25 log unit depending on the

' - 16 -
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place on the ourve. This is a loss varying between 32 and 78 per cent in

Aom 1o e e L RIS ot

visual aocuity, and may be roughly averaged as 50 per cent. This means | ?
that a person affected by sunlight has his night vision impaired so that
his visual scuity is cut in half, his range decreasel %o half, and the

ocontrast which he can just recognize be increased ty 30 per cent by compari- !*

son to his normal self, fi

All these deteriorations in visual function are of about the

same ordar of magnitude as that suffersd by an aviater flying at night

between 12,000 and 15,000 feet without oxrgen.

VII, SUNLIGHT, ULTRAVIQLET, NIGHT VISION TRSTS

In considering the magnitude of sunlight effects, it is well

to ramrmber that September and QOctoder are not very sunny months at

Camp Lejeune and a number of overcust and rainy days interrupted the
exposures. Moreover, the men were actually at the beach only 2 hours

a day for the first two weeks, and 5§ hours a day later on. It may be

that dbrighter sunlight as in the tropics, whi“s coral suad as on atolls,
and more prolonged exposures as under service conditiosns —ight produce
much greater effects., It would indeed be desirahle %o investigate this,
because even greater precautions might then be necessary for proteating
individuals who are designated for night duty. Our oxporim;nts alone
do not warrant extrapolntion.of thris kind, since the injurious effect

of exposure was just as grent during the first two weeks as it was later
on even though the exposures were shorter in the beginniag. €learly fur-

ther work 18 indicated,

\
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While it is not our objeot to inquire into the physiological

mechaniems involved, w. are inclined to beljeve that it is the visible r
part of the radiation taat is effective, Ultraviolet forms only a small |

part of the radiation reaching the cornea, and while it can burn this

i

!
' part of the eye, as in snow blindness, it doss not reach the retima to } 4
! any appreciable extent, because of the great adsorpiioa of the lens and
' oyes media., Nevertheless, if any further sunlight studies are made, it

would be well to exclude the ultra-violet, merely to have the informa-

? tion.

|

{

!

i

i
Infra-red raya, though they comprise over half the radiation g ~
on a sunny day and do get through to the retina, are prodably also not g .
responsidle, We know of no evidence that infra-red radiation is Marmful !

unless ‘many times as intense as it is in the brightest daylight. There

are cases reported of retinal burns from staring at ihs sun, but this
: did not ooour in our experiments. '. ]
Usually there are no service conditions in which one is required
to becoms dark adapted immediutely after exposure to sunlight. However, ‘
there is a situation 1~n which this happens ofte - '-} leserves to de

pointed out. This is during measurements for the classification of per-

- ik on et L i P
e agai i e g1

sonnel for night visual capacity. Such tests are most often wade during

o i el s

the day, and unless specisl precautiona are taken to avold previous ex~
3 ]
: posure to sunlight, or even to a very bripht sky, iniividuals may show i

spuriously high thresholds in their teats, especially if they have been

given only half-hour dark adaptation.

-18 - i
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It would not be surprising if this were a factor in some of
the curious results ocoasionally obtained in surveys of night vision and

in studies of test-retest ocorrelation of various testing devices.

VIII, THE USE OF SUNGLASSES

There exists an axtremely simple preventative for avoiding
the ill effeots of exposure to sunlight, namely adequate sunglasses.
Not merely sunglasses, but adequate sunglasses,

The best known and most expensive sunglasses now availadble are
designed for maximum transmission of visable radiation, while cutting
out as much as possible of the ultra-violet and infra-red. As a ;esult,.
they transmit 50 or even 756 per oent of the light. Such sunglasses would
bo of little value in preventing injury to night vision.

Adequate protection ordinarily can be afforded by glasses having
104 light transmission, but, to mest genéral service requirsments,
transmission may have to be set at the slightly highsr level of 10 to
16%. On the bright tropic atolls and in the sunny, snow covered regions,
it would be better to have them transmit no more than § per cent of the
light. Such glaszes would‘transmit ample light for virtually maximum
visibility, provided the day is moderately bright. Naturally they
should not and need not be worn on heavily overcas: days, indoors, or
at night,

Sunglagses should bS sscured and distributed to all persons
who; while working in bright sunlight during the day, will be expeoted
to perform night duties soon afterward. It should be remembered that
whoro;l the transient effect of exposure to sunlight disappears over=

night, it has a chronic cumulative effect, which does not disappesr

- 19 -
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even after ten daya‘ protection.
As a guide to what we ocall "bright sunlight™ the subjective
response is probably reliable:s 1light which ocauses squinting or dis-

comfort falls in this catezory.
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Table III

Morning Thresholda after One Hour in Darknesas

Date X -1 X -2 X -3 Average of X Groups C -1 C=~2 C -3 Average of C Orou

Sept. § 2.27 2,25 2.3 2.27 2.29 2,28 2.3 2.29
6 2,23 2,24 2.29 2.25 2.29 2,22 2.29 2.27
7 2.30 2,20 2.25 2.26 2.29 2.20
8 2.23 2.25 2.2¢4 2.28 2.27 2,27
9 2.2¢ . 2.2) .

11 2.2¢ 2.2¢ 2.23 . 2.22
12 2.28 2.27 2.28 2.23 2.20 2.22
13 2,32 2.28 2.29 2.28 2.31 2.29
14 2,32 2.52 2,32 2.16 2.16 2.16
15 2,38 2.29 2,32 2.18 2.28 2.23
16 2.28 ‘ . 2.26
18 .44 2,35 2,24 2.28
19 2,22 2.47 2.34 2,18 2.25 2.22
20 2.27 2.31 2.29 2,23 2,25 2.2¢4
2l ‘2.28 2.32 2.3 : g.%2 2,21 2.26
22 2.27 2.31 2,29 2.17 2.18 2.18
23 2.25 2.14
25 2,828 2,27 2,23 2.18
26 2.2¢ 2.29 2.26 2,21 2.16 2.19
27 2,12 2.34 2.23 2,13 2.16 2.14
28 2.17 2.22 2.20 ! 2.09 2.21 2.15
29 2,27 2,32 . 2.29 : 2.28 2.12 3.20
S0 2.368 . 2.15
Qot. 1 X Oroups come indoors; C 3sroups ;o out to beach.
2 2,27 2.16 '
S 2.22 2.22 2.22 2,25 2.31 8.28
4 2.28 ' 2.35 2,31 2.31 2.20 2.28
5 2.1¢ 2.40 2.27 - 2.22 2.k8 2,19 2,23
6 2,18 2,28 B 2.28 - 2,27 2,29 2.23 2,28
7 2,22 2.89 :
9 2.15 2,38 2.28 2.29 2,39 2.17 2.28
10 2.16 2.26 2,36 2.26 2.2¢ 2,38 2.23 2.27




Group X-1 Greup C-1 Group X2 Group C-2 Grouon -3 Group C-3
Date MWin. Ne. Threshold MNe. Threshold No. Thresnold No. Threghold Ne. Threshold No. Threshold
in of of of of of of
Erwmlwﬂ Ken —Jien ken Men lien .
5 aa 10 2.28 7 2.29 10 2.2 . 6 2.26 10 2. 1 2.31
6am o0 11 2,23 1 2,29 10 2,25 6 2,22 10 2. 1 2.29
6pa 60 11 2.\ 1 2.3
Tea 60 11 2.3 1 2.26 9 2.16 6 2.29
h Tpa 60 10 2.1 6 2.23
(W) Sam 60 9 2.23 6 2.28 10 2.25 7 2.21
8 pn % 10 2.29 7 2.2%
9 am 9 2.20 6 2.21
11 ex 60 11 2.2h 7 2.23 . .
Mo 60 9 2.28 7 2.19
12am 60 10 2.26 7 2.23 9 .27 6 2.20
12ps 60 11 2. 6 2.36 6 2.2k
13an 60 9 2.32 6 2.28 10 2.25 1 2.3
13 om 60 10 2.37 7 2.23
lbam 60 11 2.32 1 2.16 10 2.32 1 2.16
bpn 60 10 2.34 7 2.19
15e2 60 11 2.3 1 2.18 9 2.29 6 2.28
15pm 60 9 2.32 6 2.23
16 s 0 1 2.28 6 2.26 .
18 an 60 10 2.4k 7 2.3%
18pn 60 10 2.146 7 2.24
- 19am 60 10 2.22 6 2,18 10 2.47 7 2.25
1I9pm 60 10 2.32 1 2.6
208 60 11 2.27 7 2.22 8 2.% 5 2.25
20 pa 60 7 2.35 5 2.27
2l am 60 9 2.20 5 2.32 g 2.31 7 2.21
22 om 60 10 2.43 7 2.22
2ean 60 11 2.27 1 2.16 10 2.31 -1 2.18
220 60 1 2.319 1 2.68
23 am 60 11 2.2% 5 2.16
25 ean 60 9 2.28 4 2.16

Tp.1e 1Y

Aversge Thraghnlds of Expérimentsl snd Control Groups
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Table IV (Continued)

Greuo X-1 Graup C-1 Greup X-2 Gresup C~2 Greup X-3 Greup C-3
Date. ¥in. ¥No. Thresnold Xo. ZThreghold Ho, Threshold o, ZPhreshold No. Thresh-id Ho. 7Tnreshold
in  of of of of of of .
Sapt, Dork Men kien hen Yeg tien Ken m
Spn 30 9 2.53
25 ps 60 9 2, % 5 2.2 ,
MN eve B0 9 2.2 . A
aa ¥ 10 2.3 5 2.22 10 2.33 5 2.25 1
- wm am 60 10 2.23% 5 2.2 10 2.29 17 2.15 3
= - . 28
M 1 & 1 23
26 ave 60 10 2.39
27 e 30 g 2.21 1 2.21 9 2.36 T - 2.8
27 ar 60 9 2.12 7 2.12 9 2.3 7 2.16
27 pa 9 2.3 6 2.11 . .
27pm 60 9 2.33 6 2.12
27 eve 60 9 P
28 amn % 9 2.4 5 2,04 10 c.27
28 an S0 9 2.17 1 2.09 10 2. 5 2.2
2pm 10 2.22 5 2.22
6pz 60 10 2,40 5 2.23
28 eve 60 ) 2.22
29 30 10 2. 5 2.32 9 2.35 6 m.mm
29 am bU ¢ 2.2 5 2.28 9 2.3 M 2.1
m 30 Y 2.62 2.2
- M pa 60 9 2.42 6 2.16
N@ eve OU Y N.V‘
08 3 9 2.50 5 2.24
30 am 60 9 2.36 5 2.15
m az 30 3 2.33
2 sz 0 9 2.21 7 2.16
2 pm X0 7 2.28
2 pm 60 9 2.27 7 2.2¢ =
2 eve s 1 2,22




Teble 1V

(Coatirned) ]
4 Group X-1 Group C-1 Group X-2 Group C-2 Group X-3 Group C-3
. J.%s Nin. No. Threshold No. Threshold Ro. ZThreshold MNo. Threshold FNo. Threshold No. Threshsld
in of of of of of of
Oct, Da Kep Yen _len _ Neg Yen
Jam ¥ 1 2.43 5 2.36
T 60O 9 2.21 7 2.25 5 2.3
3om X 9 2.33 5 2.5
3pz 60 9 2.25 5 2.4
- m eve 60 5 2,33
am 30 9 2.35 5 2.3 ° 2.b5 5 2.22
han 9 2.30 5 2.0 9 2.3 5 2.13
Ybpm W 9 2.54 9 2,54
Lpan 60 9 2.4n 5 2.4 9 2.L0 5 2.39
L eve 60 . 5 2.3
5an 30 1 2.3 5 2.30 7 2,u7 5 2.33
§ an 60 9 2.13 7 2.2 5 2.28 9 2.40 5 2.19
5ps 30 9 2.20 7 2.37 5 2.3%
5pm 60 9 2.17 7 2.35 s 2.3
5 eve 60 7 2.23
6an 30 7 2.34
6as 60 9 2.17 7 2.27 10 2.2k 5 2.29 5 2.23
6pa 60 6 2.3 10 2.2 5 2.39 .
£ eve 60 % 6 2 2.149
. = 5 2. 2.35 3 2.23
b « an ww 5 2.31 6 2.25 3 2.25
9 % 9 2.21 17 2.3 5 2.%0 9 2.51 6 2.18
9 am 60 9 2.15 7 2.29 5 2.39 9 2.38 6 2.16
9pm ¥ 9 2.22 1 2.5% 5 2.56 6 2. € 2.o
: 9pa 60 9 2.13 7 2.38 5 2.45 y 2.11 5 2.2%
: : g eve 0 S 2.18 7 2.37 L 2.3 3 2.32 L 2,2
1 10aa ¥ 5 2.42 3 2.37 1 2.20 3 2.53 1 2.15
: Dam 60 9 2.16 1 2.24 10 2.26 S 2.33 8 2.36 6 2.19
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